Materials synthesis and characterization:
Synthesis of ZIF-67. Chemical reagents of analytical grade were utilized directly without any purification. For the synthesis of ZIF-67, Co(NO 3 ) 2 ·6H 2 O (249 mg, 1.0 mmol) and 2-methylimidazole (328 mg, 4.0 mmol) were dissolved in 25 mL of methanol to form two clear solutions. Then, the solution of 2-methylimidazole was subsequently poured into the solution of Co(NO 3 ) 2 ·6H 2 O. After the solutions were mixed and stirred at room temperature for 24 h, the purple precipitates were centrifuged and washed with methanol several times and dried at 60 o C.
Synthesis of hollow nitrogen-doped carbon polyhedron (HNCP)
. 20 μL of aniline monomer were subsequently added into 100 mL of ZIF-67 dispersion (1 mg mL -1 ) under sonication. Then, 0.95 g of (NH 4 ) 2 S 2 O 8 dissolved in 30 mL of deionized water was added, and stirred overnight. The resulting precipitates were washed with deionized water and dried at 60 o C and are denoted as ZIF-67@PANI. For the removal of ZIF-67 template, ZIF-67@PANI was stirred in HCl solution (1 mol L -1 )
for 6 h at room temperature, thus obtaining hollow PANI polyhedron. The hollow PANI polyhedron was placed in a tube furnace, heated to 800 ℃ with a ramp rate of 5 o C min -1 , and kept for 3 h in N 2 flow, to yield hollow nitrogen-doped carbon polyhedron (NHCP). After mixing all the precursors, the above solution was stirred under a nitrogen atmosphere at room temperature, to adjust its pH to 8 by adding 1 M NaOH solution.
Synthesis of transition-metal doped
After the completion of the reaction, the product was collected by centrifugation, The structural evolution process from solid ZIF-67@PANI to hollow PANI polyhedron is displayed in Figure S7a , during which the ZIF-67 core is etched gradually by dilute hydrochloric acid solution. As a result, the ZIF-67 template is removed, leading to the successful retention of the hollow PANI polyhedron. During the etching process of ZIF-67@PANI, an intermediate state can be observed with the residual ZIF-67 crystals ( Figure S7b) . Meanwhile, the XRD patterns also reveal a similar phenomenon. As shown in Figure S7c 
